







$V WKH PLOOHQQLXP GUDZV WR DQ HQG WKH WKUHDW SRVHG E\ WKH <HDU
 <. SUREOHP LV LQGXFLQJ YDVW SULYDWH DQG SXEOLF VSHQGLQJ RQ
LWV UHPHGLDWLRQ ,Q WKLV SDSHU ZH HPEHG WKH <. SUREOHP LQWR D
G\QDPLF JHQHUDO HTXLOLEULXP IUDPHZRUN :H PRGHO WKH <. SUREOHP
DV DQ DQWLFLSDWHG SHUPDQHQW ORVV LQ RXWSXW ZKRVH PDJQLWXGH FDQ EH
OHVVHQHG E\ LQYHVWLQJ UHVRXUFHV LQ DGYDQFH 2XU PRGHO UHSOLFDWHV WKUHH
REVHUYHG FKDUDFWHULVWLFV RI WKH G\QDPLFV WULJJHUHG E\ WKH <. EXJ
 3UHFDXWLRQDU\ LQYHVWPHQW LQYHVWPHQW LQ VROYLQJ WKH <. SUREOHP
EHJLQV EHIRUH WKH \HDU   ,QYHVWPHQW GHOD\ DOWKRXJK HFRQRPLF
DJHQWV KDYH EHHQ DZDUH RI WKH <. SUREOHP VLQFH WKH V LQYHVWPHQW
GLG QRW EHJLQ XQWLO UHFHQWO\  ,QYHVWPHQW DFFHOHUDWLRQ DV WKH QHZ
PLOOHQQLXP DSSURDFKHV WKH DPRXQW RI UHVRXUFHV DOORFDWHG WR VROYLQJ
WKH <. SUREOHP LQFUHDVHV )XUWKHUPRUH WKH PRGHO SUHGLFWV WKDW
RXWSXW QHW RI UHVRXUFHV GHYRWHG WR VROYLQJ WKH <. SUREOHP QHHG QRW
GHFOLQH LQ 
-(/ FODVVLnFDWLRQ ( (
.H\ZRUGV <. SUREOHP LQYHVWPHQW G\QDPLFV
e:H ZRXOG OLNH WR WKDQN VHPLQDU SDUWLFLSDQWV DW WKH )HGHUDO 5HVHUYH %RDUG IRU FRP
PHQWV 7KLV SDSHU UHSUHVHQWV WKH YLHZV RI WKH DXWKRUV DQG VKRXOG QRW EH LQWHUSUHWHG DV
UHoHFWLQJ WKH YLHZV RI WKH %RDUG RI *RYHUQRUV RI WKH )HGHUDO 5HVHUYH 6\VWHP RU RWKHU
PHPEHUV RI LWV VWDm $GGUHVV IRU FRUUHVSRQGHQFH 0DUWu rQ 8ULEH ,QWHUQDWLRQDO )LQDQFH
'LYLVLRQ 6WRS  %RDUG RI *RYHUQRUV RI WKH )HGHUDO 5HVHUYH 6\VWHP :DVKLQJWRQ '&
 3KRQH    )D[    (PDLO XULEHP#IUEJRY$ QXPEHU RI SURIHVVLRQDO HFRQRPLVWV KDYH FRPSDUHG WKH H[SHFWHG UHFHV
VLRQ DVVRFLDWHG ZLWK WKH <HDU  <. FRPSXWHU GDWH SUREOHP ZLWK WKDW
FDXVHG E\ WKH RLO SULFH VKRFN LQ  ,Q DQWLFLSDWLRQ RI WKLV SUREOHP DV
WKH PLOOHQQLXP FRPHV WR DQ HQG ERWK WKH JRYHUQPHQW DQG WKH SULYDWH VHF
WRU KDYH EHHQ DOORFDWLQJ VLJQLnFDQW DPRXQWV RI UHVRXUFHV RQ LWV UHPHGLDWLRQ
)HGHUDO 5HVHUYH *RYHUQRU (GZDUG : .HOOH\ -U HVWLPDWHV WKDW UHVRXUFHV
DOORFDWHG WR VROYLQJ WKH <. SUREOHP ZLOO FRVW WKH 86 HFRQRP\ RQH WHQWK
RI RQH SHUFHQW RI *'3 LQ  $OWKRXJK DW D VORZHU SDFH VLPLODU HmRUWV
DUH XQGHU ZD\ LQ WKH UHVW RI WKH ZRUOG 7KH *DUWQHU *URXS KDV HVWLPDWHG
WKDW DW D ZRUOGZLGH OHYHO WKH FRVW DVVRFLDWHG ZLWK VROYLQJ WKH <. SUREOHP
ZLOO WRWDO  WR  ELOOLRQ 86 GROODUV
7KH PDFURHFRQRPLF G\QDPLFV WULJJHUHG E\ WKH <. SUREOHP DUH FKDUDF
WHUL]HG E\ WKH IROORZLQJ WKUHH IDFWV )LUVW WKH PLOOHQQLXP EXJ KDV LQGXFHG
SUHFDXWLRQDU\ LQYHVWPHQW LQ WKH VHQVH WKDW WKH DOORFDWLRQ RI UHVRXUFHV DLPHG
DW VROYLQJ WKH <. SUREOHP EHJDQ EHIRUH WKH \HDU  6HFRQG WKHUH KDV
EHHQ LQYHVWPHQW GHOD\ $OWKRXJK HFRQRPLF DJHQWV KDYH EHHQ ZHOO DZDUH RI
WKH <. SUREOHP VLQFH WKH V WKH DOORFDWLRQ RI UHDO UHVRXUFHV GHYRWHG
WR LWV VROXWLRQ GLG QRW EHJLQ XQWLO WKH V 7KLUG LQYHVWPHQW LQ WKH <.
SUREOHP KDV EHHQ DFFHOHUDWLQJ SDUWLFXODUO\ VLQFH 
'HVSLWH WKH FRQVLGHUDEOH DWWHQWLRQ WKDW WKH <. SUREOHP KDV UHFHLYHG LQ
WKH SROLF\ GHEDWH WKHUH KDV EHHQ YLUWXDOO\ QR WKHRUHWLFDO UHVHDUFK GLUHFWHG
WR XQGHUVWDQGLQJ LWV PDFURHFRQRPLF FRQVHTXHQFHV ,Q WKLV SDSHU ZH PDNH
D nUVW VWHS WRZDUGV nOOLQJ WKLV JDS E\ HPEHGGLQJ WKH <. SUREOHP LQWR D
VLPSOH G\QDPLF JHQHUDO HTXLOLEULXP IUDPHZRUN :H PRGHO WKH <. SUREOHP
DV D VLWXDWLRQ LQ ZKLFK EHIRUH WKH \HDU  DJHQWV OHDUQ WKDW LQ WKH \HDU 
RXWSXW ZLOO H[SHULHQFH D SHUPDQHQW GHFOLQH $JHQWV FDQ OHVVHQ WKH RXWSXW
GHFOLQH E\ LQYHVWLQJ UHVRXUFHV LQ DGYDQFH 7KLV IHDWXUH ZKLFK LPSOLHV WKDW
UHVRXUFHV DOORFDWHG WR VROYLQJ WKH <. SUREOHP EHFRPH SURGXFWLYH RQO\ LQ
WKH \HDU  LV WKH NH\ HOHPHQW GHWHUPLQLQJ WKH G\QDPLFV RI WKH PRGHO
6HH IRU H[DPSOH (GZDUG <DUGHQL ?<HDU  5HFHVVLRQ" -XO\  &HQWHU IRU
&\EHUHFRQRPLFV DQG <.
6HH KLV WHVWLPRQ\ EHIRUH WKH &RPPLWWHH RQ &RPPHUFH 6FLHQFH DQG 7UDQVSRUWDWLRQ
86 6HQDWH $SULO  
7R KLJKOLJKW WKH LPSOLFDWLRQV RI WKH <.SUREOHP ZH NHHSRWKHU HOHPHQWV
RI WKH PRGHO IDLUO\ VLPSOH ,Q SDUWLFXODU RQ WKH GHPDQG VLGH ZH DVVXPH
WKDW WKH HFRQRP\ LV SRSXODWHG E\ LGHQWLFDO XWLOLW\PD[LPL]LQJ ULVNDYHUVH
DJHQWV WKDW GLVFRXQW IXWXUH FRQVXPSWLRQ 2Q WKH VXSSO\ VLGH ZH VWXG\ WZR
DOWHUQDWLYH HQYLURQPHQWV ,Q WKH nUVW RQH ZH DVVXPH WKDW LQ WKH DEVHQFH RI
WKH <. SUREOHP RXWSXW LV DQ H[RJHQRXV HQGRZPHQW ,Q WKLV VHWXS LQYHVW
PHQW LQ VROYLQJ WKH <. JOLWFK LV GULYHQ QRW RQO\ E\ VXSSO\VLGH HmHFWV EXW
DOVR E\ DJHQWV
 GHVLUH WR VPRRWK FRQVXPSWLRQ ,Q WKH VHFRQG HQYLURQPHQW
ZH DVVXPH WKDW DJHQWV KDYH DFFHVV WR DQ DFFXPXODWLRQ WHFKQRORJ\ WKDW DO
ORZV WKHP WR VKLIW UHVRXUFHV DFURVV WLPH DW D FRQVWDQW UDWH RI UHWXUQ 7KLV
WHFKQRORJ\ LQWURGXFHV D VHSDUDWLRQ EHWZHHQ WKH DJHQWV
 GHFLVLRQV WR FRQVXPH
DQG LQYHVW
,Q VSLWH RI WKHLU VLPSOLFLW\ WKH HFRQRPLHV GHVFULEHG DERYH FDQ H[SODLQ
WKH WKUHH PDLQ IDFWV DVVRFLDWHG ZLWK WKH <. SUREOHP SUHFDXWLRQDU\ LQ
YHVWPHQW LQYHVWPHQW GHOD\ DQG DFFHOHUDWLRQ ,Q DGGLWLRQ WKH PRGHOV SUH
GLFW WKDW LQYHVWPHQW LQ WKH <. SUREOHP ZLOO SHDN LQ  *LYHQ WKH
VSHFLnFDWLRQ RI WKH PRGHOV D UHFHVVLRQ LQ WKH \HDU  LV XQDYRLGDEOH
,QWHUHVWLQJO\ KRZHYHU RXWSXW QHW RI UHVRXUFHV DOORFDWHG WR VROYLQJ WKH PLO
OHQQLXP EXJ QHHG QRW GHFOLQH ,Q IDFW LQ WKH HQGRZPHQW HFRQRP\ XQGHU
FHUWDLQ SDUDPHWHU FRQnJXUDWLRQV FRQVXPSWLRQ ERRPV DW WKH DUULYDO RI WKH
QHZ PLOOHQQLXP 7KLV SRVVLELOLW\ DULVHV EHFDXVH LQ WKH \HDU  UHVRXUFHV
WKDW ZHUH RQFH DOORFDWHG WR VROYLQJ WKH <. SUREOHP DUH IUHHG XS EHFRPLQJ
DYDLODEOH IRU FRQVXPSWLRQ 7KLV H[SDQVLRQDU\ HmHFW PD\ PRUH WKDQ RmVHW
WKH FRQWUDFWLRQ LQ RXWSXW FDXVHG E\ <. LWVHOI
 7KH 0RGHO
&RQVLGHU DQ HFRQRP\ SRSXODWHG E\ D ODUJH QXPEHU RI LGHQWLFDO LQnQLWHO\




ZKHUH FW GHQRWHV FRQVXPSWLRQ LQ SHULRG W n   GHQRWHV WKH VXEMHFWLYH
GLVFRXQW IDFWRU DQG WKH VLQJOHSHULRG XWLOLW\ IXQFWLRQ Xc LV WZLFH FRQWLQX
RXVO\ GLmHUHQWLDEOH VWULFWO\ LQFUHDVLQJ DQG VWULFWO\ FRQFDYH ZLWK X   
DQG X  
(DFK SHULRG WKH UHSUHVHQWDWLYH FRQVXPHU LV HQGRZHG ZLWK D FRQVWDQW
TXDQWLW\ RI JRRGV x \! %HJLQQLQJ LQ WKH \HDU  GHQRWHG KHUH E\
7! FRQVXPHUV H[SHULHQFH D ORVV LQ LQFRPH_WKH <. SUREOHP_JLYHQ
E\ $W $JHQWV FDQ LQYHVW UHVRXUFHV WR UHGXFH WKH PDJQLWXGH RI WKH <.
SUREOHP 6SHFLnFDOO\ ZH DVVXPH WKDW $W LV D GHFUHDVLQJ IXQFWLRQ RI WKH VXP
RI UHVRXUFHV VSHQW RQ VROYLQJ WKH <. SUREOHP




ZKHUH LW w  GHQRWHV WKH DPRXQW RI UHVRXUFHV LQYHVWHG LQ VROYLQJ WKH <.
SUREOHP LQ SHULRG W 7KH IXQFWLRQ $c LV DVVXPHG WR VDWLVI\ WKH IROORZLQJ
DVVXPSWLRQ
$VVXPSWLRQ 
$ $!$   $  ! OLP[ $[  
$ n> b$@ ! 
$ x \ b $ ! 
$VVXPSWLRQ $ LV VHOIH[SODQDWRU\ 7KH LQWXLWLRQ EHKLQG DVVXPSWLRQ
$ LV WKH IROORZLQJ 6XSSRVH WKDW LW  I R UD O OWD Q GO H WW w 7
&RQVLGHU WKH H[SHULPHQW RI LQFUHDVLQJ LQYHVWPHQW E\ RQH XQLW LQ SHULRG
W DQG GLVLQYHVWLQJ LQ SHULRG W   LQ VXFK D ZD\ WKDW WRWDO FXPXODWLYH
LQYHVWPHQW LV ]HUR IURP SHULRG W   RQ 7KH PDUJLQDO FRVW RI IRUJRQH
FRQVXPSWLRQ LQ W LV JLYHQ E\ nW
Xx \ b $ ZKHUHDV WKH PDUJLQDO EHQHnW
RI LQFUHDVHG FRQVXPSWLRQ LQ SHULRG W L VJ L Y H QE \nWXx \ b $ b
$ $VVXPSWLRQ $ JXDUDQWHHV WKDW WKH EHQHnW H[FHHGV WKH FRVW
$VVXPSWLRQ $ LPSOLHV WKDW FRQVXPHUV DUH QRW IRUFHG WR LQYHVW EHIRUH
WKH HQG RI WKH PLOOHQQLXP
7 K HU H V R X U F HF R Q V W U D L Q WR IW K HK R X V H K R O GL VJ L Y H QE \
FW  

x \ bLW W7






7KH KRXVHKROG FKRRVHV VHTXHQFHV IRU FRQVXPSWLRQ DQG LQYHVWPHQW VR DV


















2XU nUVW UHVXOW LV WKDW WKHUH LV QR LQYHVWPHQW VWRSSDJH EHIRUH  LQ WKH
VHQVH WKDW RQFH LQYHVWPHQW LQ VROYLQJ WKH <. SUREOHP EHFRPHV SRVLWLYH LW
PXVW FRQWLQXH WR EH SRVLWLYH XQWLO WKH \HDU  7R VHH WKLV DVVXPH WKDW
LW  D Q GW K D WLWb ! I R UV R P HW7  7KHQ HTXDWLRQ  LPSOLHV WKDW
XFWb  nXx \ %XW WKLV LV LPSRVVLEOH EHFDXVH FWb  x \ b LWb  x \: H
VXPPDUL]H WKLV UHVXOW LQ WKH IROORZLQJ SURSRVLWLRQ
3URSRVLWLRQ  1R ,QYHVWPHQW 6WRSSDJH EHIRUH  ,I LW ! W K H Q
LW !  IRU DOO W7b
)XUWKHUPRUH LI LQ DQ\ SHULRG EHIRUH WKH \HDU  LQYHVWPHQW LV SRVLWLYH
WKHQ LQYHVWPHQW LQFUHDVHV RYHU WLPH XQWLO WKH HQG RI WKH PLOOHQQLXP 7R VHH
WKLV DVVXPH WKDW LW ! I R UV R P HW7b  7KHQ 3URSRVLWLRQ  DQG




%\ WKH FRQFDYLW\ RI WKH VLQJOHSHULRG XWLOLW\ IXQFWLRQ WKH DERYH H[SUHVVLRQ
LPSOLHV WKDW FW F WbR U H T X L Y D O H Q W O \ W K D WLW !L Wb: H I R U P D O L ] H W K L V
UHVXOW LQ WKH IROORZLQJ SURSRVLWLRQ
3URSRVLWLRQ  $FFHOHUDWLQJ <. ,QYHVWPHQW ,I LW ! W K H QLW !L W
IRU DOO W7b
1H[W ZH HVWDEOLVK WKDW JLYHQ $VVXPSWLRQV $ DQG $W K HP R G H O
H[KLELWV SUHFDXWLRQDU\ LQYHVWPHQW LQ WKH VHQVH WKDW DJHQWV nQG LW RSWLPDO
WR EHJLQ WR DOORFDWH UHVRXUFHV WR VROYLQJ WKH <. SUREOHP EHIRUH WKH DUULYDO
RI WKH \HDU 
3URSRVLWLRQ  3UHFDXWLRQDU\ <. ,QYHVWPHQW ,I $VVXPSWLRQV $
DQG $ DUH VDWLVnHG WKHQ WKHUH H[LVWV D W7 VXFK WKDW LW ! 
3URRI 7R HVWDEOLVK WKH UHVXOW LW LV VXpFLHQW WR VKRZ WKDW L7b !  )LUVW
ZH VKRZ WKDW LI L7b   WKHQ LW  I R UD O OW 6HFRQG ZH VKRZ WKDW
LW   IRU DOO W FDQQRW EH DQ HTXLOLEULXP %\ SURSRVLWLRQ  LI L7b  
WKHQ LW   IRU DOO W7b  $VVXPH QRZ WKDW L7b  D Q GW K D WL7 ! 
(YDOXDWLQJ HTXDWLRQ  DW W   7b DQG HTXDWLRQ  DW W   7 DQG FRPELQLQJ
WKHP \LHOGV Xx \ w n> b $@Xx \ b $ b L7 ZKLFK LV D FRQWUDGLFWLRQ
JLYHQ $VVXPSWLRQV $ DQG $ $ VLPLODU DUJXPHQW VKRZV WKDW LI
L7b   WKHQ L7M  I R UD O OM! )LQDOO\ DVVXPH WKDW LW  I R U
DOO W 7KHQ HYDOXDWLQJ HTXDWLRQ  DW W   7 b \ L H O G Vbn7bXx \ b
Xx \ b$$
3
W 7 nW   7KLV H[SUHVVLRQ UHGXFHV WR Xx \ wb Xx \ b
$$n bn ZKLFK LV D FRQWUDGLFWLRQ JLYHQ DVVXPSWLRQV $ DQG
$
7KH IROORZLQJ WZR SURSRVLWLRQV FKDUDFWHUL]H WKH EHKDYLRU RI LQYHVWPHQW
LQ WKH QHZ PLOOHQQLXP 7KH nUVW SURSRVLWLRQ VKRZV WKDW LI LQYHVWPHQW LV
SRVLWLYH ]HUR LQ WKH \HDU  RU ODWHU WKHQ LW PXVW DOVR EH SRVLWLYH ]HUR
LQ HYHU\ VXEVHTXHQW SHULRG ,Q DGGLWLRQ LW VKRZV WKDW LQ WKH \HDU 
LQYHVWPHQW FDQ EH SRVLWLYH RU ]HUR GHSHQGLQJ RQ SDUDPHWHU YDOXHV 7KH
VHFRQG SURSRVLWLRQ HVWDEOLVKHV WKDW LQYHVWPHQW IDOOV LQ WKH \HDU 
3URSRVLWLRQ  ,QYHVWPHQW '\QDPLFV LQ WKH 1HZ 0LOOHQQLXP 6XSSRVH
DVVXPSWLRQV $ DQG $ DUH VDWLVnHG 7KHQ L LI L7   W K H Q
L7M  IRU DOO M! LL LI L7 ! W K H QL7M !  IRU DOO M!D Q GLLL
GHSHQGLQJ RQ SDUDPHWHU YDOXHV L7 FDQ EH SRVLWLYH RU QLO
3URRI L 1RWH WKDW LI LW  I R UV R P HW w 7 WKHQ SDVW FXPXODWLYH LQYHVW
PHQW LQ SHULRG W L VW K HV D P HD VL QS H U L R GW %HFDXVH DIWHU SHULRG 7 b 
SDVW FXPXODWLYH LQYHVWPHQW LV WKH RQO\ SUHGHWHUPLQHG VWDWH YDULDEOH RI WKH
HFRQRP\ LW PXVW EH WKH FDVH WKDW LI WKH KRXVHKROG nQGV LW RSWLPDO QRW WR
LQYHVW LQ SHULRG W LW PXVW DOVR nQG LW RSWLPDO QRW WR LQYHVW LQ SHULRG W  
LL $VVXPH WKDW L7 ! D Q GL7   %\ L L7M  I R UD O OM! 7KXV
F7M   F7 IRU DOO M! 7KHQ HYDOXDWLQJ HTXDWLRQ  DW W   7 \LHOGV
n b $
7   $W WKH VDPH WLPH XVLQJ HTXDWLRQ  HYDOXDWHG DW W   7
DQG W   7  Z HK D Y HW K D WXx \ b $7 b L7  n b $
7Xx \ b $7
%HFDXVH $7 L7 !$ 7 WKH DERYH LQHTXDOLW\ LPSOLHV WKDW nb$
7 ! 
ZKLFK LV D FRQWUDGLFWLRQ LLL 7R VKRZ WKH H[LVWHQFH RI HFRQRPLHV LQ ZKLFK
L7 !  OHW 7   7KHQ LW IROORZV IURP HTXDWLRQ  WKDW LQ RUGHU IRU L7 WR
EH ]HUR LW PXVW EH WKH FDVH WKDW n b $L   %HFDXVH L LV ERXQGHG
DERYH E\ x \ DQG $ LV SRVLWLYH LW IROORZV WKDW D VXpFLHQW FRQGLWLRQ IRU L7 WR
EH SRVLWLYH LV WKDW nb$x \ !  :H QRZ FRQVWUXFW DQ HFRQRP\ LQ ZKLFK
L7   $JDLQ OHW 7   $VVXPH WKDW XF  ORJF DQG $[   [b
7KHQ HYDOXDWLQJ HTXDWLRQ  DW W   DQG DVVXPLQJ WKDW LW  I R UW!
\LHOGV WKH IROORZLQJ (XOHU HTXDWLRQ WKDW XQLTXHO\ GHWHUPLQHV L

x \ b L
  Lb 
x \ b L
n
 bn
6HWWLQJ x \   D Q Gn    WKH DERYH HTXDWLRQ \LHOGV L    )XUWKHU
PRUH LQ WKLV FDVH n b$L  Z K L F KH Q V X U H VW K D WL  
,Q SURYLQJ WKH IROORZLQJ SURSRVLWLRQ ZH UHVWULFW DWWHQWLRQ WR HTXLOLEULD
LQ ZKLFK FRQVXPSWLRQ FRQYHUJHV WR D SRVLWLYH FRQVWDQW
3URSRVLWLRQ  <. ,QYHVWPHQW 'HFOLQHV LQ  6XSSRVH $VVXPSWLRQV
$ DQG $ KROG 7KHQ L7 L 7b
3URRI ,I L7   WKHQ WKH UHVXOW IROORZV WULYLDOO\ EHFDXVH E\ 3URSRVLWLRQ









:H nUVW VKRZ WKDW WKH ULJKWKDQG VLGH FDQQRW EH ODUJHU WKDQ RQH 7R VHH
WKLV VXSSRVH WKDW WKH FRQWUDU\ LV WUXH 1RWH WKDW HTXDWLRQV  DQG  DQG







%HFDXVH L7 !   b $
7   b$
7 WKXV WKH ULJKWKDQG VLGH RI WKH DERYH
H[SUHVVLRQ LV ODUJHU WKDQ RQH 7KLV LPSOLHV WKDW F7 F 7 DQG WKXV WKDW
L7 !L 7 &RQWLQXLQJ ZLWK WKLV DUJXPHQW LW IROORZV WKDW L7M ! D Q GW K D W
b$
7M  b$
7M IRU DOO M! 7KLV LQ WXUQ LPSOLHV WKDW XF7M 
DV M DQG WKXV F7M  D VM   7KHUHIRUH LQ DQ\ HTXLOLEULXP LQ
ZKLFK FRQVXPSWLRQ LV ERXQGHG DZD\ IURP ]HUR nb  b $
7 PXVW EH OHVV
WKDQ RQH %XW LQ WKLV FDVH HTXDWLRQ  FOHDUO\ LPSOLHV F7 !F 7b %HFDXVH
F7  x \bL7b$7 DQG F7b  x \bL7b DQG $7 !  LW IROORZV WKDW L7 L 7b
$ GLUHFW FRUROODU\ RI WKH DERYH WZR SURSRVLWLRQV LV WKDW LI WKH HFRQRP\
FRQWLQXHV WR DOORFDWH UHVRXUFHV WR VROYLQJ WKH <. SUREOHP LQ WKH \HDU 
WKHQ WKHUH LV D FRQVXPSWLRQ ERRP LQ  DQG FRQVXPSWLRQ FRQWLQXHV WR
JURZ DV LW DSSURDFKHV LWV ORQJUXQ OHYHO 2Q WKH RWKHU KDQG LI LQYHVWPHQW LQ
WKH <. SUREOHP FHDVHV LQ WKH \HDU  WKHQ FRQVXPSWLRQ PD\ IDOO ZLWK
WKH DUULYDO RI WKH QHZ PLOOHQQLXP DQG ZLOO UHPDLQ FRQVWDQW WKHUHDIWHU
3URSRVLWLRQ  &RQVXPSWLRQ '\QDPLFV LQ WKH 1HZ 0LOOHQQLXP 6XSSRVH
$VVXPSWLRQV $ DQG $ DUH VDWLVnHG 7KHQ LI L7 !  FW !F Wb IRU
DOO W w 7 ZKHUHDV LI L7    FW   FWb  F7b IRU DOO W!7
3URRI 7KH UHVXOWV IROORZV GLUHFWO\ IURP WKH SURRI RI SURSRVLWLRQV  DQG 
1H[W ZH HVWDEOLVK WKDW LQYHVWPHQW LQ WKH <. SUREOHP SHDNV LPPHGL
DWHO\ EHIRUH WKH \HDU 
3URSRVLWLRQ  <. ,QYHVWPHQW 3HDNV LQ  ,I $VVXPSWLRQ $
DQG $ DUH VDWLVnHG WKHQ L7b !L W IRU DOO W    7 b
3URRI )RU W7b  WKH UHVXOW IROORZV GLUHFWO\ IURP SURSRVLWLRQ  )RU
W   7 WKH UHVXOW IROORZV IURP SURSRVLWLRQ  &RQVLGHU QRZ WKH FDVH W!7
,I LW   WKH UHVXOW IROORZV WULYLDOO\ EHFDXVH E\ SURSRVLWLRQ  L7b ! 
,I LW !  WKHQ E\ SURSRVLWLRQ  FW !F 7b RU HTXLYDOHQWO\ x \ b LW b $W !
x \ b L7b 7KH UHVXOW IROORZV IURP WKH IDFW WKDW $W w 
2QH FKDUDFWHULVWLF RI WKH <. SUREOHP LV WKDW nUPV VHHP WR KDYH GHOD\HG
WKH GHFLVLRQ WR DOORFDWH UHVRXUFHV WR VROYLQJ LW 6SHFLnFDOO\ LQYHVWPHQW LQ
VROYLQJ WKH <. SUREOHP GLG QRW EHJLQ XQWLO WKH HDUO\ V HYHQ WKRXJK
nUPV ZHUH DZDUH RI WKH <. SUREOHP ZHOO EHIRUH WKDW WLPH 7KH IROORZLQJ
SURSRVLWLRQ VKRZV WKDW WKH PRGHO FDQ H[SODLQ WKH REVHUYHG LQYHVWPHQW GHOD\
3URSRVLWLRQ  ,QYHVWPHQW 'HOD\ $VVXPH WKDW $VVXPSWLRQ  LV VDWLVnHG
DQG WKDW WKH VLQJOHSHULRG XWLOLW\ IXQFWLRQ LV RI WKH IRUP XF   Fb} b
 b}Z L W K}!/ H W7 EH WKH GDWH DW ZKLFK WKH <. SUREOHP RFFXUV
,I 7 LV VXpFLHQWO\ ODUJH WKHQ L   
3URRI 6XSSRVH WKDW L ! I R UD O O77 K H Q H T X D W L R Q  PXVW KROG ZLWK
HTXDOLW\ IRU DOO W7DQG DOO 7 (YDOXDWLQJ WKDW HTXDWLRQ DW W  D Q G
W   7 b  \LHOGV F}
7b   n7bF}
% H F D X V H F LV ERXQGHG E\ x \W K HD E R Y H
H[SUHVVLRQ LPSOLHV WKDW F7b FRQYHUJHV WR ]HUR DV 7  7 K L V  L Q W X U Q 
LPSOLHV WKDW OLP7 L7b  x \ DQG WKDW OLP7
37b
M  LM    7KHUHIRUH
E\ $VVXPSWLRQ $O L P 7$
7   DQG WKXV OLP7 n b$
7   n
 7KHQ E\ HTXDWLRQ  LW IROORZV WKDW RQH FDQ FKRRVH 7 ODUJH HQRXJK VR
WKDW L7  D Q G E \S U R S R V L W L R Q L7M   IRU DOO M! ,Q WKLV FDVH
HYDOXDWLQJ HTXDWLRQ  DW W   7 b \LHOGV XF7b   b$
7n bnXF7
ZKLFK LPSOLHV WKDW F7b w F7 RU HTXLYDOHQWO\ WKDW x \ b L7b w x \ b $7
%HFDXVH L7b FRQYHUJHV WR x \ DV 7   WKH DERYH LQHTXDOLW\ LPSOLHV WKDW
x \b$7 FRQYHUJHV WR ]HUR DV 7   ZKLFK YLRODWHV DVVXPSWLRQV $ DQG
$
 $Q HFRQRP\ ZLWK FDSLWDO
,Q WKLV VHFWLRQ ZH DQDO\]H WKH G\QDPLFV WULJJHUHG E\ WKH <. SUREOHP LQ DQ
HFRQRP\ LQ ZKLFK LQ HTXLOLEULXP DJHQWV FKRRVH WR FRPSOHWHO\ VPRRWK FRQ
VXPSWLRQ DFURVV WLPH 7R REWDLQ WKLV VHSDUDWLRQ EHWZHHQ FRQVXPSWLRQ DQG
LQYHVWPHQW GHFLVLRQV ZH DVVXPH WKDW KRXVHKROGV KDYH DFFHVV WR DQ DFFXPX
ODWLRQ WHFKQRORJ\ GLVSOD\LQJ D FRQVWDQW UDWH RI UHWXUQ U! /HW ZW GHQRWH
WKH VWRFN RI ZHDOWK KHOG E\ WKH UHSUHVHQWDWLYH KRXVHKROG DW WKH EHJLQQLQJ RI
SHULRG W 7KHQ WKH KRXVHKROG
V EXGJHW FRQVWUDLQW LV JLYHQ E\
ZW  

UZW x \ b LW b FW W7
UZW x \ b LW b FW b $W W w 7

,Q RUGHU WR HOLPLQDWH LQHVVHQWLDO G\QDPLFV LQ FRQVXPSWLRQ ZH DVVXPH WKDW
nU   $V EHIRUH $W LV PHDQW WR UHSUHVHQW WKH <. SUREOHP DQG LV
JLYHQ E\
$W   $,W
ZKHUH ,W LV D IXQFWLRQ RI SDVW LQYHVWPHQW %HFDXVH DJHQWV FDQ QRZ WUDQVIHU
UHVRXUFHV DFURVV WLPH DW D FRQVWDQW UDWH RI UHWXUQ LW LV FOHDU WKDW LI DV LQ WKH
SUHYLRXV VHFWLRQ ,W ZDV DVVXPHG WR EH VLPSO\ HTXDO WR SDVW DFFXPXODWHG
LQYHVWPHQW WKHQ DJHQWV ZRXOG RSWLPDOO\ FKRRVH WR OXPS LQYHVWPHQW LQ SH
ULRG 7 b  7R DYRLG WKLV XQUHDOLVWLF LPSOLFDWLRQ ZH FRQVLGHU WKH IROORZLQJ
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7KLV DJJUHJDWRU IXQFWLRQ FROODSVHV WR WKH RQH XVHG LQ WKH SUHYLRXV VHF
WLRQ ZKHQ o   m   7KH IXQFWLRQ $c LV DVVXPHG WR VDWLVI\ $VVXPS
WLRQV $ DQG
$
 n> b mo$@ ! 
$
 UZ x \ b $ ! 
ZKLFK DUH WKH QDWXUDO FRXQWHUSDUWV RI DVVXPSWLRQV $ DQG $ LQ
WKH HFRQRP\ DQDO\]HG KHUH +RXVHKROGV FKRRVH VHTXHQFHV IRU FRQVXPSWLRQ
LQYHVWPHQW DQG ZHDOWK VR DV WR PD[LPL]H  VXEMHFW WR  D Q GD
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ZKHUH w LV WKH /DJUDQJH PXOWLSOLHU DVVRFLDWHG ZLWK WKH SHULRGE\SHULRG EXG
JHW FRQVWUDLQW  DQG LV FRQVWDQW EHFDXVH RI WKH DVVXPHG HTXDOLW\ EHWZHHQ
WKH SHFXQLDU\ DQG VXEMHFWLYH UDWHV RI GLVFRXQW
1RWH nUVW WKDW XQOLNH LQ WKH HQGRZPHQW HFRQRP\ VWXGLHG LQ WKH SUHYLRXV
VHFWLRQ FRQVXPSWLRQ LV FRQVWDQW RYHU WLPH +RZHYHU WKH G\QDPLFV RI WKH
oRZ RI UHVRXUFHV DOORFDWHG WR VROYLQJ WKH <N SUREOHP DUH VLPLODU WR WKRVH
DULVLQJ LQ WKH HQGRZPHQW HFRQRP\ ,Q SDUWLFXODU WKH PRGHO LPSOLHV SUHFDX
WLRQDU\ LQYHVWPHQW LQYHVWPHQW GHOD\ DQG DFFHOHUDWLRQ )XUWKHU LQYHVWPHQW
SHDNV LQ WKH SHULRG SUHFHHGLQJ WKH \HDU  FRQWUDU\ WR WKH HQGRZPHQW
HFRQRP\ LQ WKH HFRQRP\ ZLWK FDSLWDO LQYHVWPHQW LV DOZD\V SRVLWLYH LQ WKH
QHZ PLOOHQQLXP :H VXPPDUL]H WKHVH UHVXOWV LQ WKH IROORZLQJ SURSRVLWLRQ
3URSRVLWLRQ  ,QYHVWPHQW '\QDPLFV LQ WKH (FRQRP\ ZLWK &DSLWDO 6XS
SRVH $VVXPSWLRQV $ $
D Q G$
 KROG 7KHQ
3UHFDXWLRQDU\ LQYHVWPHQW 7KHUH H[LVWV D W7 VXFK WKDW LW ! 
,QYHVWPHQW DFFHOHUDWLRQ ,I LW ! W K H QLW !L W IRU DOO W7b 
,QYHVWPHQW G\QDPLFV LQ WKH QHZ PLOOHQQLXP  L W L Wb IRU DOO W w 7
,QYHVWPHQW SHDNV LQ  L7b !L W IRU DOO W    7 b
,QYHVWPHQW GHOD\ /HW 7 EH WKH GDWH D ZKLFK WKH <. SUREOHP RFFXUV ,I 7
LV VXpFLHQWO\ ODUJH WKHQ L   
3URRI
1R LQYHVWPHQW VWRSSDJH EHIRUH  :H nUVW SURYH WKDW LI LW !  WKHQ
LW !  IRU DOO W7b 6XSSRVH LW ! D Q GLW  I R UW7b 7KHQ
HYDOXDWLQJ HTXDWLRQ  DW W DQG W LW IROORZV WKDW oLWbm  nZ K L F K
LV LPSRVVLEOH
3UHFDXWLRQDU\ LQYHVWPHQW ,W LV VXpFLHQW WR VKRZ WKDW L7b !  7R GR
WKLV ZH nUVW VKRZ WKDW LI L7b   WKHQ LW  I R UD O OWD Q GW K H QV K R Z
WKDW LW  I R UD O OW LV LPSRVVLEOH %\ WKH IDFW WKDW WKHUH LV QR LQYHVWPHQW
VWRSSDJH LI L7b   WKHQ LW  I R UD O OW7b  $VVXPH WKDW L7b  
DQG L7 !  7KHQ HYDOXDWLQJ HTXDWLRQ  DW W   7 b D Q G DW W   7
LW IROORZV WKDW oL7bbm w n>oL7bm b mo$
7@6 L Q F HL7b  
$
7   $D Q GoL7bm !  WKLV LQHTXDOLW\ YLRODWHV $VVXPSWLRQ
$
 %\ D VLPLODU DUJXPHQW LW IROORZV WKDW LI L7b   WKHQ L7M  
IRU DOO M! $VVXPH QRZ WKDW LW   IRU DOO W 7KHQ HYDOXDWLQJ HTXDWLRQ 
DW W   7 b \LHOGV n7b wb mo$n7 bn ZKLFK YLRODWHV $VVXPSWLRQ
$

,QYHVWPHQW DFFHOHUDWLRQ ,I LW ! I R UV R P HW7b  WKHQ E\ HTXDWLRQ
 LI IROORZV WKDW oLWbm   nboLWbmV RLW !L W
,QYHVWPHQW G\QDPLFV LQ WKH QHZ PLOOHQQLXP :H nUVW VKRZ WKDW LI LW  
WKHQ LW   IRU DOO W w 7 $VVXPH WKDW LWb !  LW   DQG LW ! 
(YDOXDWH  DW W b D Q GW WR JHW n> bmo$
W@ w oLWbbm( Y D O X D W H
 DW W DQG W W RJ H Wn>oLWbm b mo$
W@   ZKLFK FRQWUDGLFWV
WKH SUHYLRXV H[SUHVVLRQ %HFDXVH L7b !  WKH UHVXOW IROORZV E\ LQGXFWLRQ
1H[W ZH VKRZ WKDW LW !  IRU DOO W w 7/ H WW w 7 6XSSRVH LWb ! D Q G
LW   (YDOXDWH  DW W b W RJ H WoLWbbm   bn  b nmo$
W
1RZ HYDOXDWH  DW W WR JHW  wb n  b nmo$
W &OHDUO\ WKH DERYH
WZR H[SUHVVLRQV UHSUHVHQW D FRQWUDGLFWLRQ 7KH UHVXOW IROORZV E\ LQGXFWLRQ
EHFDXVH L7b ! 
,QYHVWPHQW SHDNV LQ  :H QRZ VKRZ WKDW L7b !L W IRU DOO W    7 b
$V VKRZQ DERYH LI LW ! I R UV R P HW7b WKHQ LW !L W) R UW w 7 b
HTXDWLRQ  LPSOLHV WKDW oLWbm   nboLWbm  mo$
W/ H W
[W s oLWbm ! D Q GDW s mo$
W   7KHQ [W   nb[W 
DW1 R W H W K D W DW LV VWULFWO\ LQFUHDVLQJ LQ W &OHDUO\ IRU DQ\ W w 7 b
 LI [W ![ WW K H Q[W FRQYHUJHV WR LQnQLW\ DW D UDWH WKDW DSSURDFKHV
nb7 K X V  LW FRQYHUJHV WR LQnQLW\ DW D UDWH WKDW DSSURDFKHV nb bm !
nb 6XFK D WUDMHFWRU\ IRU LW LPSOLHV D SDWK IRU ZHDOWK WKDW YLRODWHV WKH
WUDQVYHUVDOLW\ FRQGLWLRQ  6LPLODUO\ LI [W   [WW K H QDW !D W DQG
WKXV [W   nb[WDW   nb[WDW !n b[WDW   [WZ K L F K D V
DOUHDG\ HVWDEOLVKHG FDQQRW EH VXSSRUWHG DV DQ HTXLOLEULXP RXWFRPH 7KXV
LQ HTXLOLEULXP [W ![ W IRU DOO W w 7 b
,QYHVWPHQW GHOD\ )LQDOO\ ZH SURYH WKDW LI 7 LV VXpFLHQWO\ ODUJH WKHQ
L   6XSSRVH WKDW L ! I R UD O O77 K H Q LW !  IRU DOO W DQG DOO 7
/HWWLQJ [W s oLWbm LW IROORZV IURP HTXDWLRQ  WKDW [W   nb[W
IRU W7b 7KXV [7b DV 7   8VLQJ HTXDWLRQ  DQG WDNLQJ
LQWR DFFRXQW WKDW $
7  D V[7b   LW IROORZV WKDW WKH ODZ RI PRWLRQ RI
[W IRU W w 7 FRQYHUJHV WR [W   nb[Wb DV 7  7 K X V L I7 LV VXpFLHQWO\
ODUJH L ! L P S O L H VDS D W KI R ULW WKDW YLRODWHV WKH WUDQVYHUVDOLW\ FRQGLWLRQ
